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1.0  INTRODUCTION 

The basic objective of this program was to demonstrate an optimum 

traveling-wave tube (TWT) design for applications in tactical tropo- 

scatter communications systems.  The design of this tube is based on 

data presented in the Research and Development Technical Report ECOM- 

75-1283-F.  The primary design concept is to operate the tube below 

saturation in order to achieve the low intermodulation (IM) require- 

ments.  To achieve the required performance characteristics, the tube 

is designed to operate approximately 6 to 7 dB below saturation.  At the 

rated power of 1.0 kW minimum, the basic efficiency of the tube will be 

approximately 4 percent.  To improve the overall efficiency of the tube, 

a four-stage depressed collector is used to recover most of the kinetic 

energy in the spent beam.  The original design study indicated that 

use of this technique can increase the overall efficiency to a minimum 

of 25 percent. 

The specification for the multitone troposcatter TWT is presented in 

Table 1.  Hughes has designated the model number 673H for the experi- 

mental tube. 

Periodic permanent magnet (PPM) focusing of the electron beam and air 

cooling are objectives of the tube design.  PPM focusing used in place 

of conventional solenoid focusing with the attendant solenoid power 

supply increases overall efficiency and air cooling makes the tube more 

compatible with existing troposcatter transmitters.  The 673H is 

designed for both PPM focusing and air cooling.  However, this does 

place stringent requirements on the thermal designs of both the RF 

interaction circuit and the depressed collector. 

The theoretical electrical characteristics of the tube were described 

in detail in the earlier report, ECOM-75-1283-F.  The purposes of the 
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TABLE 1 

SPECIFICATION FOR MULTITONE TROPOSCATTER TWT 673H 

Electrical Requirements 

Frequency Range 4.4 to 5.0 GHz (Min) 

Power Output CW 1 kW (Min) 

Gain 40 dB (Min) 

Instantaneous Bandwidth (-1 dB) 15 MHz (Min) 

Beam Voltage -26 kV (Max) 

Beam Current 1.5 A (Max) 

Efficiency (Note 1) 25Z (Min) 

Intermodulation (Note 2) -20 dBC 

Output Load VSWR 1.5:1 (Max) 

Focusing PPM (Objective) 

Life 10,000 Hrs. (Objective) 

Mechanical/Environmental 

Size To Be Determined 

Weight To Be Determined 

Cooling Air (Objective) 

RF Input Connector Type N Coax 

RF Output Connector WR-187 Waveguide/UG-149 Flange 

Altitude (Operating) 3100 Meters 

Ambient^ Temperature (Operating) -50°C to 55°C 

Mounting (Operating) 0 to 15° from Vertical 

Shock (Non-operating) 50 G, 1 msec 

Vibration (Non-operating) 5 to 55 Hz 
1.02 cm Amplitude 
5 ±0.5 Minutes 

Note: 

1. The overall TWT efficiency is defined as: 
RF output power divided by the sum of beam input power, cooling power, 
focusing power, and heater power. The tube shall be capable of meeting 
the efficiency specified under conditions where the IM products are 
within the specified limits with 4 to 16 signals applied to the input. 

2. The intermodulation products requirenent will be met over any 15-MHz band 
in the 4.4 to 5 GHz frequency range. The 15-MHz band will be divided 
into 16 adjacent equal bandwidth channels. Anywhere from 4 to 16 of 
the channels will be occupied by carriers.  The total intermodulation power 
in any occupied channel shall be 20 dB below the carrier in that channel. 
The carrier output power of all the occupied channels shall total 1 kW. 

•- 
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present program were to  construct a tube having the previously deter- 

mined design parameters and measure its operating performance.  This 

effort consisted chiefly of the following areas: 

1. An electron gun was scaled to the required beam size, area 

convergence and perveance, and mounted in an existing 

isolated anode support structure.  It was evaluated in a 

demountable beam testing apparatus and used on the experi- 

mental 673H tube. 

2. The RF interaction circuit and integral PPM focusing structure 

were designed. 

3. The mechanical design of the four-stage depressed collector 

was accomplished, taking into account the voltage standoff 

and thermal dissipation requirements, using the electrode 

configuration that had been determined previously. Working 

out the assembly procedures and designing the brazing fixtures 

for this air cooled, multiple-stage collector were the most 

complicated and time consuming portions of the program. 

A collector was successfully constructed and placed on the 

673H tube. 

4. The overall packaging and cooling structure of the tube were 

designed. 

5. The experimental tube was fabricated.  Preliminary performance 

data were obtained. 

Various aspects of the details of the 673H tube design, construction 

and testing will be described in the following sections. 

I — 
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2.0  ELECTRON GUN 

In determining the design for the multitone tube, parameters were chosen 

to achieve the highest overall efficiency within the distortion speci- 

fication of 20-dB carrier-to-IM (C/IM) power ratio.  C/IM ratio requires 

operating the tube 6 to 7 dB below saturation to meet the C/IM require- 

ment and using a four-stage depressed collector to increase the overall 

efficiency.  For high overall efficiency it is necessary to have a 

relatively high (3 to 5%) basic tube efficiency at the backed-off con- 

dition, good beam transmission to the collector, and effective collector 

performance. 

To ensure good beam transmission in a PPM focused device, the focusing 

quality parameter X /L (plasma wavelength divided by the magnetic period) 

is made 3.5 or larger.  With a given operating voltage and current, the 

interaction strength is then maximized by choosing a beam hole as 

small as possible consistent with the X /L constraint, assuming a beam 

radius to drift tube hole radius (b/a) of 0.6. 

A calculation of Pierce's gain parameter C was performed as a function 

of the beam voltage, assuming a constant beam power of 20 kW and using 

a minimum beam hole size consistent with X /L = 3.8.  Under these con- 
P 

ditions the C parameter was nearly independent of voltage.  The choice 

of operating voltage was, therefore, made with good collector perform- 

ance in mind.  A high-voltage, low-perveance design has smaller space 

charge density in the beam, which tends to make it easier to sort the 

electrons in the collector according to their energy.  Furthermore, a 

high voltage permits a small beam hole with a low radial propagation 

parameter ya,  The low space charge density helps to reduce the RF 

defocusing in the beam, resulting in improved beam transmission and 

decreased spread in electron trajectory angles.  Both of these condi- 

tions are desirable for high efficiency enhancement with the multistage 

- -  



collector.  A high voltage also increases the axial dimensions of the 

interaction circuit, which improves its thermal dissipation capability. 

The final operating parameters chosen for the 673H are a beam voltage 

of 25 kV and a current of 1.3 A.  The electron gun is a Pierc_"" type 

convergent flow gun with an area compression of 16:1 to assure low 

cathode emission current density and long life.  The required charac- 

teristics of the gun, designated the Hughes 238B, are summarized in 

Table 2. 

For the gun design, empirical design curves were used that depict 

the relationships between perveance, cathode half-angle, and beam size 

for the desired cathode diameter.  The electrolytic tank, shown in 

Figure 1, was then used to establish the electrode configuration and 

relative spacings.  These determinations are made by first computing 

what the theoretical beam edge potential distribution should be, given 

the gun perveance, the cathode radius and r /r  (the ratio of the 
c a 

spherical cathode radius to the effective spherical anode radius). 

Then models of the focus electrode and anode are adjusted until the 

best possible match to the theoretical beam edge distribution is 

achieved.  The result of this procedure is shown in Figure 2. 

3 
Next, the Hermansfeldt computer program, which solves Poisson's equa- 

tion for a cylindrical boundary problem, was used to predict the axial 

potentials, perveance, and nonthermal electron trajectories.  A com- 

puter generated description of the 238B gun is shown in Figure 3. 

When thfe perveance parameter and computer perveance agreed, another 
4 5 

computer program, '  which takes into account thermal electron velocity 

effects, used the axial potentials, the relevant gun parameters, and 

an assumed magnetic field distribution to compute the focused electron 

beam shape.  The electrostatic beam envelopes were also predicted for a 
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TABLE 2 

238B ELECTRON GUN DESIGN PARAMETERS 

Cathode Voltage 

Cathode Current 

Perveance 

Cathode Loading 

Nominal Beam Diameter 

Area Compression 

Cathode Material 

Magnetic Field 

Magnetic Period 

-25 kV 

1.3 A 

0.33 x 10"6 

1.1 A/cm2 

0.121 Inch (3.07 mm) 

16:1 

Impregnated Tungs ten 

PPM 

1.036 Inch (26.31 mm) 

thermal beam using this method.  Figure 4 shows the computer generated 

plots for five electrostatic beam envelopes of the 238B electron gun. 

The envelope containing 99.5 percent and 95 percent of the beam current 

are labeled r__ ^ and *•_,. respectively.  The beam radii where the 

current density is 1/10 and 1/20 the peak current density are indicated 

by r. ... and r.. ,»_ respectively.  The fifth radius, r , is the statis- 

tically averaged beam radius.  Typically, the program computes the 

minimum beam position about 10 percent less than is measured; thus the 

cathode valley to the bean minimum position was predicated to be 1.59 

inches. 

An optimized computer run for the focused beam is shown in Figure 5. 

The focusing field for this case has a peak amplitude of 1350 gauss. 

This optimum focusing occurs when the first magnetic field is 0.240 inch 

downstream from the electrostatic beam minimum position. 
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Figure 1  Electrolytic tank. 
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In order to verify the design, parts were ordered to build an "A" 

scale gun for checking in the beam analyzer.  For the 238A gun, the 

238B gun just discussed was scaled by a factor of 0.911 in order to 

achieve a scaled cathode diameter of 0.440 inch (11.18 mm), which is 

compatible with the analyzer test fixtures.  The test setup is shown 

in Figure 6. 

Two versions of the 238A gun, differing only in cathode-to-anode spac- 

ing, were checked.  The 238A gun number 1 had a measured perveance of 

0.30 microperv rather than the design perveance of 0.33 microperv. 

The cathode-to-anode spacing was then decreased by 0.010 inch.  The 

measured perveance of this 238A gun number 2 was 0.33 microperv.  The 

beam minimum occurs 1.432 inches (36.37 mm) from the cathode valley. 

The measured r./20 is 0.040 inch (1.02 mm) at 10 kV.  (r,/2o 
is the 

beam radius where the current density is 1/20 the peak current density.) 

10 kV is the maximum test voltage that can be used with the demountable 

analyzer.  The predicted r. ,„n at an operating voltage of 25 kV is 

0.0355 inch (0.902 mm).  A plot of beam voltage versus r ,„„ is shown 

in Figure 7. 

The final 238B gun design was obtained by scaling the dimensions of the 

238A gun number 2 by 1.0977. The relevant theoretical and experimental 

gun parameters are summarized in Table 3. 

The detail mechanical design of the 238B gun was completed by adapting 

the 238B electrodes to a standard isolated anode insulator assembly 

with appropriate corrections to account for the differential expansions 

of the various support elements of the gun at operating temperature. 

The gun layout is shown in Figure 8.  The dimensions of the electrodes 

are presented in Figure 9. 

The first electron gun for the tube in the modulating anode configura- 

tion was evaluated in the demountable beam analyzer in order to compare 

12 
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Figure 6  Electrostatic demountable beam analyzer No. 1. 
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TABLE 3 

SUMMARY OF THEORETICAL AND EXPERIMENTAL 238 GUN PARAMETERS 

Original 
Computed 

238B Design 

238A 
Scaled from 

Original 238B 

238A 
Number 2 

Test Results 

Final 238B 
Scaled from 
238A No. 2 

Perveance 
(Micropervs) 

0.33 0.33 0.33 0.33 

rl/20 Electro- 
static at 25 kV 

inch 
(mm) 

0.0392 
(0.996) 

0.0357 
(0.907) 

0.0328 
(0.833) 

0.0360 
(0.914) 

r99.5 Focused 
at 25 kV 

inch 
(mm) 

0.0796 
(2.022) 

0.0725 
(1.842) 

0.0666 
(1.692) 

0.0731 
(1.857) 

Cathode 
valley to 
beam minimum 

inch 
(mm) 

1.59 
(40.39) 

1.45 
(36.83) 

1.43 
(36.32) 

1.57 
(39.88) 

the actual gun to the scaled version and determine whether there were 

any major differences introduced by installing the electrodes in the 

actual tube mounting structure.  The results were very close to the 

earlier calculated values. 

The gun was operated at a heater voltage of 12.5V which maintained a 

cathode temperature of 1100°C brightness, as measured on the tungsten 

body of the impregnated cathode pellet.  The data were taken at cathode 

voltages of 11 kV and lower, and then extrapolated to 25 kV so as not to 

exceed the voltage standoff capability of the demountable test equipment. 

The results are summarized in Table 4.  The 238B design numbers are 

the values scaled from the earlier 238A measurements.  The 238B test 

15 
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Figure 8  238B isolated anode electron gun. 
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TABLE 4 

238B MODULATED ANODE ELECTRON GUN TEST RESULTS 

238B 
Design 

238B 
Test 

Perveance (Micropervs) 0.33 0.32 

r,  _ Electrostatic  inch 

at 25 kV            (mm) 
0.0360 
(0.914) 

0.037 
(0.940) 

r(,  . Focused  inch 

at 25 kV       (mm) 
0.0731 
(1.857) 

Cathode Valley  inch 
to Beam Minimum  (mm) 

1.57 
H9.88) 

1.596 
(40.54) 

numbers are the values measured on the completed gun assembly extra- 

polated to 25 kV. 

This electron gun was later installed on the completed 673H tube. 

18 
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3.0 INTERACTION CIRCUIT 

The general circuit parameters for the raultitone tube were determined 

in the previous study program.  The theoretical phase-versus-frequency 

(u;-ß) characteristic used in the study is shown in ligure 10.  The basic 

cavity configuration is presented in Figure 11.  Values of the outer 

diameter, coupling hole angle, and cavity gap are approximate; these 

dimensions must be adjusted during cold testing to give the desired 

w-ß response. 

In a PPM focused coupled-cavity TWT, the cavity walls are made of iron. 

They serve as pole pieces for concentrating the magnetic field in the 

proximity of the electron beam.  The focusing magnets are situated 

between adjacent pole pieces and just outside the copper spacers, which 

form the cavity outer diameter.  Cooling of the pole pieces is critical 

because runaway conditions can be encountered if the temperature of the 

pole piece is allowed to approach the Curie temperature of the iron. 

The beam and circuit parameters were chosen with the aim of providing 

excellent beam transmission.  Nevertheless, it must be assumed that 

some beam power will be intercepted on the interaction circuit. 

Calculations were made of the temperature rise from the outer cavity 

diameter to the tip of the drift tube ferrule, where the beam is inter- 

cepted.  This temperature rise will depend upon the amount of the 

intercepted beam power.  For the calculation a worst case transmission 

of 98 percent was assumed with a total beam power of 32.5 kW.  This 

interception will be spread along the circuit.  It was also assumed 

that, at most, one-tenth of the total intercepted power of 65 W hits 

any one ferrule.  (A beam scraper section is planned at the input of 

the circuit near the gun end, so possible higher interception in that 

region is not considered here.)  For iron cavity walls, the temperature 

rise was calculated to be 600°C. The actual ferrule tip temperature 

must be increased by the AT from the cavity outer diameter to the 

19 

ima ii —  i 



-•••     luiMiiaii   •• 

5.6 -i r -i 1 1 1 r 

4.01 1 1 1 

G1641 
"I  

1.0 1.2 1.4 1.6 1.8 2.0 
PHASE SHIFT PER CAVITY (TT - UNITS) 

Figure  10      Theoretical  frequency-vs-phase   (wß) 
characteristic of interaction circuit. 
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coolant.  This value of temperature rise would be completely 

unsatisfactory even if liquid cooling were substituted for air cooling. 

To improve the thermal capability of the circuit, the following changes 

were made: 

1. The cavity walls were increased in thickness from 0.080 to 

0.118 inch.  The thicker cavity wall results in a slightly 

reduced circuit impedance, which lowers the calculated tube 

efficiency by about 0.4 percentage point to approximately 

26.5 percent minimum overall efficiency with collection 

depression. 

2. The ferrule radial thickness was not increased because that 

would have reduced the impedance and efficiency more drasti- 

cally.  However, the ferrule outer diameter was tapered to 

a larger diameter at the base of the ferrule, where it joins 

ihe cavity wall.  This larger diameter improves the thermal 

conduction without appreciably affecting the interaction 

impedance. 

3. Copper laminations were introduced on the iron pole pieces. 

The copper laminations are each .020 inch thick; the remaining 

iron is .078 thick. This technique is effective because 

copper has a thermal conductivity approximately seven times 

as high as iron. 

The incorporation of these modifications in the circuit structure has 

reduced the calculated temperature rise from the cavity outer diameter 

to the ferrule tip to 66 C.  This is a reasonable value for an air 

cooled tube. 
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Phase shift measurements were made on experimental cold test circuit 

structures to obtain the exact circuit dimensions.  In these measure- 

ments, the drift tube ferrule gap and the size of the coupling hole are 

varied until the desired passband has been obtained.  Resonant loss 

material was included in these cold test circuits to properly simulate 

the actual tube circuit.  (The loss material lowers the passband by 

about 250 MHz.)  The final dimensions are shown in Figure 12. A 

layout of the completed circuit assembly is presented in Figure 13. 

The measured w-ß characteristic for the actual 673H circuit is 

presented in Figure 14. 

Frequency perturbation measurements with a dielectric rod were made to 

determine the circuit interaction impedance. The small signal gain was 

then calculated, taking into account the measured circuit impedance and 

electron beam characteristics.  These calculations indicated that the 

gain will be approximately 0.1 dB per cavity higher than had been 

assumed in the original study. The circuit configuration has, therefore, 

been chosen to have 16 cavities in the driver section and 17 cavities 

in the output section, not including termination and matching cavities. 
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2R1 = 0.202 in. (5.13 mm) 
R2 = 0.385 in. (9.78 mm) 
2R3= 1.100 in. (27.94 mm) 

lc = 0.518 in. (13.16 mm) 

h = 0.400 in. (10.16 mm) 

t =  0.118 in. (3.00 mm) 
e = iio° 

Figure 12 673H cavity dimensions. 
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Figure  14      Measured frequency vs phase   (ojß)   characteristic 
of interaction circuit. 
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4.0 COLLECTOR DESIGN 

The multistage depressed collector is the key element in achieving 

high overall efficiency on the 673H.  The basic efficiency of the tube 

has been theoretically predicted to be a minimum of 4 percent across 

the frequency range of 4.4 to 5.0 GHz.  To increase the overall effi- 

ciency of the tube to 25 percent will require that the spent beam be 

collected in a manner which will recover most of its kinetic energy. 

The multistage collector has three electrical functions: 

1. To sort the electrons in the spent beam according to their 

energies 

2. To slow the electrons so that they may be collected with their 

lowest possible kinetic energy, thereby minimizing collector 

dissipation and maximizing overall efficiency 

3. To prevent backstreaming of both reflected primary electrons 

and secondary electrons. 

The design of the collector required optimization of the shape, position, 

and depression potential of each electrode.  This optimization was 

performed during the previous study program.  Figure 15 is a reproduc- 

tion of a computer-generated plot of the collector design for the 673H. 

The solid lines are trajectories and the dashed lines are equipotentials. 

The spent beam, which enters from the left, is made up of six energy 

groups with four rays each.  The depression increases with distance into 

the collector.  The depression voltages were chosen to be 50, 81, 88 

and 97 percent of the cathode voltage from the energy distribution 

calculations of the spent beam. 
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Because of the large power dissipation and the fairly high electrode 

voltages required by the electrical design, the thermal and mechanical 

design of the collector was the most complex and critical portion of the 

673H fabrication program. 

The primary design criteria for this collector are to provide the electri- 

cal standoff for the four electrodes and at the same time provide a 

good thermal path out to the air-cooled fins.  To achieve these require- 

ments, the electrodes are completely enclosed within a ceramic cylinder. 

This ceramic will provide both electrical isolation and thermal conduc- 

tion in the radial direction for the collector elements.  With this 

technique, the electrical standoff for the collector is located within 

the vacuum envelope, eliminating the possibility of external contamina- 

tion of the insulator surface.  The electrical connections are made 

through conventional high voltage feedthroughs. 

A preliminary layout of the initial concept of the collector design is 

shown in Figure 16.  The individual electrodes are brazed to metallized 

bands on the inside of the ceramic cylinder.  The electrodes are thin to 

relieve the stresses caused by the differential thermal expansions 

between the copper electrodes and the beryllia ceramic.  The feedthroughs 

are located in a separate weld ring located at the front of the collec- 

tor near the output pole piece.  This arrangement results in the shortest 

lengths of the connecting leads.  The cooling fins are brazed to the 

outside of the metallized ceramic cylinder. 

Drawings of detail parts were begun for this initial collector configura- 

tion.  However, when the thermal calculations were made for the maximum 

expected incident beam power, it was found that the temperature rise 

from the ceramic wall to the snout of the electrode would be about 

1300°C, even though copper is an excellent conductor.  This was entirely 
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too high.  Therefore, the layout of the collector was modified to make 

the electrodes as thick as possible in the axial direction and as 

short as possible in the radial direction, while maintaining the shapes 

of the snouts of the electrodes required for good electrical performance. 

This configuration necessitated running the feedthroughs out at the back 

end of the collector.  A layout of this arrangement is shown in Figure 17. 

Because the spacing for the leads is tighter with the feedthroughs at 

the back, the leads are enclosed in ceramic tubing for extra insulation. 

The shape of the large ceramic cylinder was modified to accommodate this 

new configuration. 

This final design evolved after a series of electrode and ceramic shapes 

was investigated.  Thermal calculations were made for the various interim 

configurations.  The results for the final design are summarized in 

Table 5.  Since the incident beam powers on the various electrodes 

change depending upon the particular tube operating parameters, three 

different cases are tabulated.  These cases represent the highest elec- 

trode power that is expected under any operating condition (plus an extra 

safety factor of approximately 20 percent).  Case I corresponds to oper- 

ation of the low end of the frequency band, Case II corresponds to the 

center of the band and Case III corresponds to the high frequency end. 

In all three cases, the RF drive level is that which gives a carrier-to- 

IM ratio of 20 dB.  (The beam current intercepted on the fourth electrode 

is actually higher when the tube is operated without RF drive applied. 

However, the power is not as high as for Case III, because with RF some 

of the electrons are accelerated and have greater energy than they 

would have without RF drive.)  As shown in Table 5, the highest calculated 

electrode temperature is 407°C on electrode number 2. This is a conser- 

vative design value.  For the calculations, an inlet air temperature of 

38°C with an air flow of 250 CFM was assumed.  This air flow an be 

supplied with a fan power of 0.17 BHP. 
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TABLE 5 

MAXIMUM COLLECTOR ELECTRODE TEMPERATURES 
FOR WORST CASE OPERATING CONDITIONS 

Beam Power Maximum 
Per Electrode 
(Watts) 

Temperature of 
Electrode (°C) 

Operating 
Condition 

Case I Electrode #1 500 257 

Electrode //2 200 174 
Low 
Fre -ency 

Electrode 113 2000 402 
End 

Electrode #4 1000 305 

Case II  Electrode #1 400 236 

Electrode #2 2200 407 
Inter- 
mediate 

Electrode #3 500 266 
Frequency 

Electrode #4 1200 347 

Case III Electrode #1 300 214 

Electrode //2 1800 369 
High 
Frequency 

Electrode #3 700 285 
End 

Electrode //4 1500 379 
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An unanswered question that remained was whether or not the collector- 

electrode assembly could be successfully brazed without cracking the 

ceramic insulator or leaving gaps at the braze interface.  In order to 

relieve the stresses due to the differential thermal expansions of the 

ceramic insulator and the copper electrodes, a series of offset radial 

slots is cut into the outer diameter of the electrodes.  This allows 

some flexibility in the electrodes without drastically reducing the 

thermal conductivity in the radial direction. 

In order to establish the feasibility of the design, a dummy collector 

assembly was brazed.  This assembly consisted of a short length of 

ceramic tubing, metallized on the inner diameter, and one disc with 

machined slots to simulate the collector electrode.  The disc was 

annealed copper, as it would be in the actual electrode.  The first 

braze attempt was unsuccessful; many of the electrode fingers did not 

braze to the ceramic wall.  It was felt that this was because the soft, 

annealed copper fingers were bent away from the wall, as the assembly 

was heated, by the braze material that was inserted between the fingers 

and the ceramic. 

A second dummy electrode assembly was brazed, for which a thinner braze 

shim was used and greater care was taken in the placement of the braze 

material.  The braze turned out satisfactorily.  Figure 18 is a photo- 

graph of the brazed, simulated collector assembly.  All of the fingers 

are brazed to the metallized ceramic with continuous braze fillets. 

The assembly has been temperature cycled several times, both to the 

bakeout temperature (500 to 525°C) and to the maximum expected operat- 

ing temperature (200 to 300°C).  There has been no evidence of cracking 

or pulling away of the copper fingers from the ceramic. 

Figure 19 shows the beryllia collector insulator.  The insulator is 

metallized completely on the outside so that the cooling fins and seal 
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Figure 18  673H simulated collector electrode to 
ceramic brazed assembly. 
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Figure 19  Metalized beryllia insulator for 673H 
collector. 
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rings can be brazed directly to the ceramic.  The inside of the insulator 

has alternating clear and metallized ceramic strips to braze the indivi- 

dual collector electrodes and provide electrical isolation between them. 

The collector electrode, which are machined from solid copper, are shown 

in Figure 20.  The stress relief slots can be seen on the periphery of 

each electrode.  Figure 21 shows a closer view of the third electrode 

from the back side.  The design of the relief slots can be seen in 

greater detail. 

The major portion of the collector is assembled at one time using an 

elaborate braze fixture, where electrodes and leads are attached to the 

inside of the ceramic and the cooling fins and weld rings are attached 

to the outside.  A second weld ring assembly accommodates the feed- 

through insulators for connecting to each collector electrode.  Fig- 

ure 22 is an end view of the completed collector with the feedthrough 

assembly welded on to the main collector body.  The feedthroughs are 

attached to the electrodes using ceramic tubing for insulation. 
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Figure 20 673H Copper collector electrodes. 
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Figure 21       Closeup of third collector electrode. 
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Figure 22  End view of completed 4-stage 
collector assembly. 

40 



•^^^mm ••MB —— 

5.0 TUBE PERFORMANCE 

The experimental 673H tube was assembled, processed, and tested at low 

duty cycle.  The completed tube before processing is shown in Figure 21 

resting on V blocks.  The RF interaction circuit is conventional coupled- 

cavity brazed construction with copper cavity spacers and iron circuit 

webs, which serve as pole pieces for the periodic permanent magnet focus- 

ing.  The circuit incorporates a coaxial RF input window and a poker chip 

waveguide output window.  These are welded to the circuit after the 

circuit braze has been completed. A set of fins is brazed directly to 

the output pole piece to effectively cool that area in the presence of 

the high beam current interception that is predicted during maximum 

dpressed collector voltage conditions. 

The isolated anode electron gun is shown at the right of the picture. 

It is welded to the circuit assembly by heliarc welds at Kovar weld 

flanges.  The area of the RF circuit between the electron gun and the 

coaxial input coupler is the beam scraper section, which consists of 

four solid copper drift cavities that can accommodate any excess beam 

interception that might occur in that area. 

The tube incorporates a 0.2-liter/sec appendage ion pump, which is 

attached to the pump out tubing at the output waveguide coupler. 

The four-stage, air cooled, depressed collector is at the left of Fig- 

ure 23.  It is attached to the circuit by heliarc welds.  The four 

individual high voltage feedthroughs are at the extreme left, beyond 

the cooling fins on the collector body. 

Figure 24 is a closeup of the collector end of the tube showing the 

feedthroughs and cooling fins in greater detail. The end of the collec- 

tor is sealed by welding on a flanged cover as shown. 

41 



E3159 

jm 

Figure 23 Completed 673H tube ready for processing. 
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Figure 24  End view of 673H showing details of collector 
cooling fins and high voltage feedthroughs. 
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After processing was completed, the exhaust tubing was pinched off; 

there were no vacuum leak problems.  The tube was then placed on the 

test stand.  The collector insulators stood off the required operating 

voltages. 

The focusing magnets were installed and shunts were applied to optimize 

the beam transmission.  The tube was operated on a cathode pulsed modu- 

lator with the anode connected to the body electrically.  It was run at 

0.002 duty cycle.  The body cooling fins and final packaging of the tube 

were not installed.  (They cannot be put on until the magnetic field 

shunting has been completed, because the magnets are inaccessible after 

the body fins are in place.  The tube cannot be operated at high duty 

cycle without the proper air cooling applied.)  The tube was operated 

with all of the collector electrodes at ground (body) potential.  The 

heaters were run at 10.5 V and 2.5 A.  The cathode voltage was set at 

-24 kV.  Under these conditions, the cathode current was 1.2 A. 

This is a beam perveance of 0.32 microperv, which corresponds closely 

to the lower voltage data taken earlier on the gun in the demountable 

beam tester. 

The beam transmission was 98 percent without RF input (0.024 A body 

current).  Power output versus frequency with constant values of input 

drive is shown in Figure 25.  The transmission at 30-dBM input near 

saturation was 90 percent.  (However, this would not be a normal operat- 

ing point for a multitone tube operating at small signal to obtain good 

intermodulation products.)  This performance agreed fairly well with the 

basic parameters of the theoretical design. 

A complete set of data was not compiled for this tube because the testing 

facilities were not available and funding was insufficient. 
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PIN 31 d&M\ 
30dBMv 
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4.9      5.0      5.1 

Figure 25  Power output versus frequency of 673H at -24 kV 
cathode voltage. 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

In the course of this development program the mechanical design of a 

sophisticated, high power, air cooled, coupled-cavity, permanent magnet 

focused traveling-wave tube, incorporating a complicated four-stage 

depressed collector, was accomplished.  An experimental model of the 

673H tube was successfully constructed, and a limited amount of per- 

formance data was obtained. 

This tube had been specifically designed for operation in the tropo- 

scatter communications frequency band to obtain optimum performance 

while amplifying multiple signals.  To minimize products which result 

from nonlinear operation, the tube is to be operated in the linear 

region below saturation; tube efficiency is enhanced by the multiple- 

stage depressed collector. 

This program demonstrated that this type of tube could be constructed, 

although the requirement that the tube air cooled resulted in a 

complicated and expensive collector design. 

As far as the evaluation of the tube was carried out, there were no 

obvious problems.  The tube performed as predicted.  However, because 

the testing of the tube had to be stopped, many of the major design 

objectives were not investigated. 

It is recommended that complete testing of the tube be funded.  This 

would include the following: 

1.  Low duty performance should be investigated over a wider 

range of operating beam voltages and RF drive levels.  Addi- 

tional beam focusing improvement should be investigated by 

shunting the focusing magnets.  Phase and gain compression 

versus RF input power curves should be obtained in order to 
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compare the actual performance characteristics of the 673H 

against the values that wer^ assumed in the original 

calculations. 

2. The performance of the depressed collector should be evaluated 

by applying the required voltages to the collector electrodes 

and measuring the beam current distribution under various 

operating conditions.  This can be done at low duty cycle. 

From this data the efficiency can be calculated. 

3. The intermodulation distortion characteristics with multiple 

input signals should be measured.  To be meaningful, at least 

three simulataneous signals should be used.  It is anticipated 

that separation of the intermodulation products will be diffi- 

cult if this measurement is performed pulsed at low duty 

cycle. 

4. The thermal capability of the air cooled design should be 

evaluated by raising the duty cycle.  The body cooling fins 

and external packaging of the tube will have to be installed 

and the required cooling air applied.  If possible, CW opera- 

tion should be achieved.  Then the multitone intermodulation 

measurements could be made more accurately and compared with 

the theoretical predictions. 

If the testing program is completed successfully, the tube could be 

used in an actual system configuration.  More important, the multitone 

design approach could be applied to other tube designs for communica- 

tions and radar systems. 
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